Many perovskite-type oxides show a tendency for surface reconstruction and/or cation segregation at the surfaces. For LSC and similar materials such as (La,Sr)(Co,Fe)O 3-δ or LaSrMnO 3-δ a segregation of Sr to the surface is often observed.
S1 Effect of chemical surface modification
Many perovskite-type oxides show a tendency for surface reconstruction and/or cation segregation at the surfaces. For LSC and similar materials such as (La,Sr)(Co,Fe)O 3-δ or LaSrMnO 3-δ a segregation of Sr to the surface is often observed. [1] [2] [3] [4] [5] [6] [7] Sr enriched surfaces are usually formed at elevated temperatures and frequently found to inhibit the oxygen reduction reaction. 2, [4] [5] [6] By chemical etching of the surface, Sr-rich material can be removed, exposing electrode material with bulk composition and higher catalytic activity to the gas phase. 1, 4 By etching for 5 seconds in 0.12 mol/l HCl, about 3 nm of the LSC thin films were removed from the surface. Tracer profiles after annealing as-prepared and etched LSC films on STO and LAO in 18 O 2 at 400°C for 5 minutes are shown in Fig. S1 . Etched thin films exhibited a higher surface exchange coefficients compared to as-prepared films. This fact corresponds to the larger tracer amount in etched films, clearly visible in Fig. S1 . A small contribution of the increase of k* might also be caused by a slight roughening of the surface by the etching process. Differences in D* are found only for LSC/STO at 400°C and most probably reflect the large uncertainties for the very flat profiles, rather than true differences. However, the fact that after removing about 3 nm from the film surface the same effect of tensile over compressive strain on oxygen exchange is observed is further evidence that the films are fully strained over the whole 20 nm thickness. 18 O exchange of etched samples was performed together with non-etched samples, annealing parameters and k* and D* values are given in Tab. 1. Those are attributed to changes of the near-surface oxygen vacancy concentration and electronic structure indicated by presence of Co 2+ states measured by scanning tunneling microscopy and changes of the activation barrier in simulations on oxygen migration in the LaCoO 3 -system.
S3 Different compositions of LSC
The strontium level in La 1-x Sr x CoO 3-δ is known to strongly affect the electronic band structure as well as the oxygen non-stoichiometry. [10] [11] [12] [13] Two different LSC-compositions, LSC82 and LSC64
were therefore investigated at different temperatures. the same general dependence on the strain state was found with higher k* and D* for tensile strained LSC/STO. As a result of the higher diffusion coefficient, profiles of LSC64/STO are almost completely flat -therefore it can be concluded that D* is higher than for LSC82, but it is not possible to determine a value for D*. This effect of the higher Sr substitution level leading to faster oxygen exchange kinetics can be consistently found in results obtained on bulk LSC [14] [15] [16] [17] [18] and is often attributed to the higher concentration of oxygen vacancies in LSC64 and its different electronic structure. Also the higher D* value of LSC64 can, at least partly, be attributed to the higher oxygen vacancy concentration. 
S5 Fitting curves for the investigated temperature range
Fitting curves are exemplarily shown for the whole temperature range of measurements on LSC82. For high temperatures and LSC82/STO very flat profiles are observed that even have the slight tendency to turn to "uphill" profiles which is a result of tracer re-exchange at the surface.
Data of the lowest temperature, 280°C, were not used for evaluation as the effect of chemically driven tracer incorporation described in the Sec. "Limiations of the method and the temperature range" is observable and hampering the possibility to investigate the surface exchange and the diffusion coefficient.
S6 CoO -secondary ion signals
The CoO -secondary ion signals were investigated in order to determine the position of the LSC|substrate interface. The sharpness of the interface was very similar for all investigated samples and confined to a zone of 2-3 nm. Consequently, an influence of cation diffusion on the determined values of k* and D* for oxygen could be neglected. 
